Disability was assessed using six standardized questions asking people about hearing, vision, cognition, ambulatory, self care, and independent living disabilities. Social factors were assessed with questions asking people to report their education, employment status, family size, health, and marital status, health insurance, and income.
Strengths of this study include using multiple years of large nationally representative survey samples of the United States to compare estimates using the same disability questions.
Variance estimation techniques including replicate weights specific to each survey were utilized to generate confidence intervals.
The study used cross sectional data and estimates over time do not reflect the same people (only the same population).
Varying survey design effects limit the ability to compare estimate differences across surveys. In order to better understand the disparities and inequities people with disabilities experience, the World Health Organization (WHO) has urged nations to improve collection systems and make health and disability related data more available. 1 Over the past two decades, there have been national and cross national initiatives to develop standardized identifiers to make disability related research and surveillance more comparable. 1 4 Recognizing that disability is a complex experience that benefits from a multi disciplinary approach to develop effective interventions and policy, these initiatives have focused on uniform questions to measure economic , social and health related phenomenon for people with disabilities.
In the United States (US), the Healthy People initiative has a goal to include standardized questions that identify people with disabilities in population based data systems. 5 As part of this effort, the Affordable Care Act (ACA, 2010) recognized people with disabilities as a minority population at risk of experiencing health disparities. Section 4302 of the ACA mandated all population based health surveys use standardized set of questions to identify people with disabilities. The National Center for Health Statistics (NCHS), Department of Health and Human Services, and Census Bureau have developed questions to identify people with disabilities with goals that included (1) a high relevance to policy across countries, (2) being small enough to be feasibly included in censuses, and (3) remaining comparable across populations. 2 3 From this work, the sequence of six dichotomous questions (6QS), developed by the Census Bureau and NCHS for use in the American Community Survey (ACS), was selected to respond to the ACA mandate.
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The 6QS asks about difficulties related to hearing, vision, cognition, ambulation, self care, and independent living. It is included in other national surveys, such as the Current Recent publications have stressed the need for a multi survey approach to studying disability, highlighting the implementation of the 6QS. 7 9 This work emphasized using the WHO's International Classification of Functioning, Disability, and Health framework to study disability in US national surveys and the utility of having a standardized measurement (such as the 6QS) to estimate prevalence, health disparities, and health inequities for people with disabilities. Krahn et al. (2015) stressed the fact that using the 6QS in national surveys people with disabilities can be recognized as a group within target populations for public health interventions. 7 10 Understanding the variation in responses to the 6QS is essential to comparing findings across surveys. 11 12 Although there is an existing literature comparing disability statistics across survey for employment and aging, there has been very little evaluation of the disability prevalence estimates generated from the 6QS across surveys.
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The goal of this study was to investigate the range of disability estimates across US national surveys, provide prevalence estimates for advocates and researchers, and report the magnitude and direction of differences in key demographic characteristics and social factors based on the 6QS. It presents a twofold assessment of people with disabilities using the ACS, CPS ASEC, NHIS and SIPP: (1) an examination of the range of responses across surveys and (2) an examination of magnitude and direction of risk ratios between people with and without disabilities across surveys. ,296 355,469, 11,038 16,253, 4,890 7,181, and10,376 11,535 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Figure 1 shows the percentage of people of disabilities by survey and year. Consistent with counts, significant differences in the percentage of people with disabilities were found between surveys each year (α=0.05). The NHIS had the highest percentages and the CPS ASEC had the lowest percentages. NHIS estimates were approximately 50 percent larger than the CPS ASEC and 10 20 2009 33,300 (33,100, 33,400) 26,900 (26,300, 27,400) 35,200 (33,600, 36,900) 35,500 (34,600, 36,500) 2010 33,400 (33,300 33,600) 26,700 (26,200, 27,300) 36,300 (34,800, 37,700) 35,200 (34,400, 36,000) 2011 34,300 (34,200, 34,500) 27,100 (26,500, 27,600) 38,700 (37,200, 40,200) 35,600 (34,700, 36,600) 2012 34,600 (34,400, 34,700) 27,700 (27,100, 28,300) 38,300 (36,900, 39,800) 2013 36,100 (36,000 36,300) 28,300 (27,800, 28,800) 39,400 (37,800, 41,000) 2014 36,600 (36,500, 36,800) 28,400 (27,700, 29,100) 40,200 (38,600, 41,800) <INSERT FIGURE 1 ABOUT HERE> 90.86 (90.41,91.31) 90.11 (89.25,90.96) 90.55 (89.90,91.19 ) Figure 2a and 2b shows risk ratios for social factors between people with and without self reported difficulties in the ACS, CPS ASEC, SIPP, and NHIS for 2011. The direction of risk ratios were consistent across surveys. People with self reported difficulties are : college degrees or more, employment, family sizes of three or more, self reported health that is excellent or very good, and a spouse. Conversely, people with self reported difficulties health Factors that influence survey response variation and limit the interpretation and cross survey comparability of our findings broadly include: survey content (survey topics and priming effects); sample design (sampling frame, sample size, mode of data collection, residency rules, and reference periods); and data imputation and weighting (weighting and imputation); and survey error (sampling and nonsampling error). These are extremely complicated and well researched topics within survey research and design. We touch upon them briefly as they relate to the surveys in this study.
The ACS, CPS ASEC, NHIS and SIPP focus on the health, employment, demographics, and income and program participation of the nation, respectively. The NHIS's context of health In the ACS, residency is defined by having lived at a location more than 2 months and having no other place to usually stay. In the CPS ASEC and SIPP residency is defined by having lived at a location the majority of the time and having no other place to usually stay. Due to these differing residency rules, the ACS considers a college student to be living in their particular dormitory and the CPS ASEC and SIPP considers college students to be temporarily absent from their household.
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The unweighted sample sizes of each survey vary substantially. For example, the 2011 unweighted samples sizes of the ACS, CPS ASEC, SIPP and NHIS are 2, 128, 104, 204, 983, 79, 321 and 50, 188 , respectively (differences of this magnitude exist for 2009 2014 samples).
The ACS collects data most representative of the United States, from the largest number of people, and is the only data source which samples from every county equivalent in the United
States. The period of the calendar year people are asked the 6QS also varies by survey: the ACS and NHIS includes the 6QS in every interview of households continuously throughout the year, the CPS ASEC includes the 6QS in every interview of their supplement conducted February through April of each year, and the SIPP periodically includes the 6QS in every interview of States based on census data that does not take into account self reported difficulty status.
Reporting a difficulty is associated with age and survey estimates of self reported difficulties may affect underlying age distribution of unweighted samples.
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Sample survey estimates are subject to sampling and nonsampling error. The accuracy of estimates depends on the extent of both types of error. Although more is known about sampling error given the survey design, the extent of nonsampling error is unknown. The population responding affirmatively to difficulty questions is an extremely heterogeneous population.
Disability is a complex experience and there are over 65 definitions of disability in the United
States. 22 Without defining a "gold standard" population with disabilities, the validity and 16 However, this does not explain why the NHIS (which had the smallest unweighted sample size) produced the highest percentage of people with self reported difficulties.
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These survey effects make interpreting variations of magnitude and statistically significant differences between surveys difficult. The direction of bias from survey effects is not well researched for disability statistics. It is known that national surveys underestimate the prevalence of specific disability types which suggests that all national estimates underreport the number of people with self reported difficulties (disabilities) to an unknown extent. 24 Further, people are more likely to report difficulties when they have experienced them more recently.
25
Without knowing the period of time between when difficulties are experienced and the date of interview it is impossible to adjust for or understand this relationship.
Our results suggest the 6QS may be used to consistently identify and compare the demographic variations, health disparities, and inequities among people with disabilities across surveys. They replicate the existing literature showing that (1) people with disabilities experience disparities and inequity and (2) there is a range of disability prevalence estimates across US surveys. 7 13 This variation can be explained by both sampling and nonsampling error. The differences in prevalence estimates reflect millions of people and has implications for policy and interventions for people with disabilities. Further research is needed to explore the policy relevance of these findings. 
' #$-#$ ' '
The author(s) declare no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
.&$%#$-
The research reported in this manuscript has been funded by a U. 
% ( #$-
./" % # ++000 # "+ ( +#? +&*<&: 9: : 9+# +&*<&: 9: : 9:# :' $ 5:
55+ 5 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 A national priority for disability research in the United States (U.S.) is the standardized identification of people with disabilities in surveillance efforts. Mandated by federal statute, six dichotomous difficulty focused questions were implemented in national surveys to identify people with disabilities. The aim of this study was to assess the prevalence, demographic characteristics, and social factors among people with disabilities based on these six questions using multiple national surveys in the U.S. Disability was assessed using six standardized questions asking people about hearing, vision, cognition, ambulatory, self care, and independent living disabilities. Social factors were assessed with questions asking people to report their education, employment status, family size, health, and marital status, health insurance, and income.
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Risk ratios and demographic distributions for people with disabilities were consistent across survey. People with disabilities were at decreased risk of having college education, employment, families with three or more people, excellent or very good self reported health, and a spouse. People with disabilities were also consistently at greater risk of having health insurance and living below the poverty line. Estimates of disability prevalence varied between surveys from 2009 2014 (Range 11.76 17.08%).
Replicating the existing literature, we found the estimation of disparities and inequity people with disabilities experience to be consistent across survey. Although there was a range of prevalence estimates, demographic factors for people with disabilities were consistent across surveys. Variations in prevalence estimates can be explained by survey context effects. ! Disability, surveillance, survey methods Variance estimation techniques including replicate weights specific to each survey were utilized to generate confidence intervals.
Varying survey design effects limit the ability to compare estimate differences across surveys. In the United States (U.S.), the Healthy People initiative has a goal to include standardized questions that identify people with disabilities in population based data systems. The 6QS asks about difficulties related to hearing, vision, cognition, ambulation, self care, and independent living. It is included in other national surveys, such as the Current implementation represents an opportunity to study the variation of the measurement and disparities for people with disabilities across multiple national surveys.
Recent publications have stressed the need for a multi survey approach to studying disability, highlighting the implementation of the 6QS. 7 9 This work emphasized using the WHO's International Classification of Functioning, Disability, and Health framework to study disability in U.S. national surveys and the utility of having a standardized measurement (such as the 6QS) to estimate prevalence, health disparities, and health inequities for people with disabilities. Krahn et al. (2015) stressed the fact that using the 6QS in national surveys people with disabilities can be recognized as a group within target populations for public health interventions. 7 10 Understanding the variation in responses to the 6QS is essential to comparing findings across surveys. 11 12 Although there is an existing literature comparing disability statistics across survey for employment and aging, there has been very little evaluation of the disability prevalence estimates generated from the 6QS across surveys.
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The goal of this study was to investigate the range of disability estimates across U.S.
national surveys, provide prevalence estimates for advocates and researchers, and report the magnitude and direction of differences in key demographic characteristics and social factors based on the 6QS. It presents a twofold assessment of people with disabilities using the ACS, CPS ASEC, NHIS and SIPP: (1) an examination of the range of responses across surveys and (2) an examination of magnitude and direction of risk ratios between people with and without disabilities across surveys. The unweighted counts of adult, civilian, non institutionalized people self reporting difficulties 398,296 355,469, 11,038 16,253, 4,890 7,181, and10,376 11,535 people, respectively.
People were identified as having a disability if they responded 'yes' to having serious difficulty in at least one of the four following areas: hearing; seeing, even when wearing glasses (vision); concentrating, remembering, or making decisions (cognitive); walking or climbing stairs (mobility); or any difficulty with dressing or bathing (self care) or doing errands alone such as visiting a doctor's office or shopping (independent living). Based on administration in a given survey, either the sample adult respondent or the designated household or family member responded to the disability questions. More than one limitation could be reported.
All social factors were defined dichotomously. Marital status was defined as being married versus not (divorced, separated, widowed or never married). Employed was defined as employed ('at work or absent from work') or not ('on layoff or looking for work,' and 'retired, disabled, or other'). Poverty was defined using the ratio of family income to low income level as below (below 100 percent of the low income level) or above (100 percent or more above the level Education was defined as having a 'college degree or more' versus 'less than a college degree. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r p e e r r e v i e w o n l y ' &) Table 1 presents the weighted counts of people with disabilities by survey and year. We found significant differences each year between survey estimates (α=0.05). The NHIS consistently had the highest counts and the CPS ASEC consistently had the lowest counts of people with disabilities. Across years, this was a difference of approximately 10 million people. Count estimates in the ACS, CPS ASEC, NHIS, and SIPP increased in value over time. Estimates in 2014, when compared to 2009, were significantly increased for the ACS, CPS ASEC, and NHIS (as indicated by confidence intervals for those years, α=0.05). Figure 1 shows the percentage of people of disabilities by survey and year. Consistent with counts, significant differences in the percentage of people with disabilities were found between surveys each year (α=0.05). The NHIS had the highest percentages and the CPS ASEC had the lowest percentages. NHIS estimates were approximately 50 percent larger than the CPS ASEC and 10 20 34,300 (34,200, 34,500) 27,100 (26,500, 27,600) 38,700 (37,200, 40,200) 35,600 (34,700, 36,600) 2012 34,600 (34,400, 34,700) 27,700 (27,100, 28,300) 38,300 (36,900, 39,800) 2013 36,100 (36,000 36,300) 28,300 (27,800, 28,800) 39,400 (37,800, 41,000) 2014 36,600 (36, 500, 36, 800) 28,400 (27,700, 29,100) 40,200 (38,600, 41,800) Page 9 of 24
For peer review only -http://bmjopen.bmj.com/site/about/guidelines.xhtml BMJ Open   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 o n l y percent larger than the ACS in every year. The percentage of people with disabilities in 2014, compared to 2009, increased significantly in the ACS and non significantly in the CPS ASEC and NHIS (as indicated by confidence intervals for those years, α=0.05). The greatest absolute increase was seen in the NHIS.
<INSERT FIGURE 1 ABOUT HERE> Table 2 presents the percentage of demographic factors for people reporting difficulties in the ACS, CPS ASEC, NHIS, and SIPP (Wave 10) for 2011. Within 10 year intervals, the percentage of people reporting difficulties were consistent. For age groups 18 24, 25 34, 45 54, and 55 64 the proportion of people self reporting difficulties in each survey were within two percentage points. The greatest variation in the percentage of self reported difficulties among surveys was for people ages 65 and over. Estimates of gender, race, and ethnicity were consistent across survey. A greater proportion of females reported difficulties across all surveys. The greatest variation was seen among estimates of race, particularly the percentage of white and other people with self reported difficulties.
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For peer review only -http://bmjopen.bmj.com/site/about/guidelines.xhtml BMJ Open   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 o n l y 90.86 (90.41,91.31) 90.11 (89.25,90.96) 90.55 (89.90,91.19 ) Figure 2a and 2b shows risk ratios for social factors between people with and without self reported difficulties in the ACS, CPS ASEC, NHIS, and SIPP (Wave 10) for 2011. The direction of risk ratios were consistent across surveys. People with self reported difficulties are : college degrees or more, employment, family sizes of three or more, self reported health that is excellent or very good, and a spouse. Conversely, people with self reported difficulties Factors that influence survey response variation and limit the interpretation and cross survey comparability of our findings broadly include: survey content (survey topics and priming effects); sample design (sampling frame, sample size, mode of data collection, residency rules, and reference periods); and data imputation and weighting (weighting and imputation); and survey error (sampling and nonsampling error). These are extremely complicated and well researched topics within survey research and design. We touch upon them briefly as they relate to the surveys in this study.
The ACS, CPS ASEC, NHIS and SIPP focus on the health, employment, demographics, and income and program participation of the nation, respectively. The NHIS's context of health 
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Although survey samples were restricted to include the civilian, non institutionalized population, they come from different underlying population universes and residency rules: the resident population, including all group quarters and military personnel (census universe, ACS) compared to the civilian non institutionalized population plus armed forces living off post or with their families on post (NHIS, SIPP and CPS ASEC universe). In the ACS, residency is defined by having lived at a location more than 2 months and having no other place to usually stay. In the CPS ASEC and SIPP residency is defined by having lived at a location the majority of the time and having no other place to usually stay. Due to these differing residency rules, the ACS considers a college student to be living in their particular dormitory and the CPS ASEC and SIPP considers college students to be temporarily absent from their household. 21 This may result in the ACS including a greater number of younger respondents, in college, who are less likely to have disabilities.
States. The period of the calendar year people are asked the 6QS also varies by survey: the ACS and NHIS includes the 6QS in every interview of households continuously throughout the year, the CPS ASEC includes the 6QS in every interview of their supplement conducted February computer aided telephone and in person interviews structured specifically for each survey. Using multiple modes of data collection may result in a more representative sampling of the U.S. and explain why the ACS provides disability prevalence estimates somewhere between the lowest and highest estimates across surveys (generated by the CPS ASEC and NHIS, respectively).
In addition, the SIPP is the only longitudinal survey included in the survey analyses presented. In contrast to cross sectional surveys, the SIPP is subject to loss to follow up and results may be affected by differential attrition of respondents or altered responses due to having heard or answered questions previously. 22 This may explain why the population with disabilities in the SIPP decreases non significantly over the time period presented. However, these effects are not well studied and it is unclear how this may be impacting our results.
% # * +
Surveys have different methods for imputing item nonresponse. For example, the NHIS, CPS ASEC, and SIPP all impute race in a consistent fashion, providing a recoded 'other'
category. The ACS does not provide this imputation. Further, the NHIS does not impute missing States based on census data that does not take into account self reported difficulty status.
Reporting a difficulty is associated with age and survey estimates of self reported difficulties may affect underlying age distribution of unweighted samples. In the context of residency, surveys that collect younger subpopulations, such as the ACS, may contribute to their having lower disability prevalence than surveys which do not include such subpopulations, such as the SIPP.
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Disability is a complex experience and there are over 65 federal definitions of disability in the United States. 23 Without defining a "gold standard" population with disabilities, the validity and accuracy of estimates cannot be established. 24 Surveys with larger unweighted samples will have the smallest confidence intervals. It has been suggested that larger samples of people capture greater numbers of people with less severe difficulties (e.g. resulting in higher employment rates). 16 However, this does not explain why the NHIS (which had the smallest unweighted sample size) produced the highest percentage of people with self reported difficulties.
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